The objective of this study was to determine the level of organochlorine pesticides in maternal milk of women living in urban and rural areas in central Mexico. High levels of the DDT ( 1,1,1 -trichloro -2,2 -bis ( p -chlorophenyl ) ethane ) and metabolites, p,p H -DDT ( 1.83, 0.66 and 3.13 mg / kg ) and p,p H -DDE ( 2.49, 4.28 and 13.32 mg / kg ) , were encountered for Mexico City, Cuernavaca and rural Morelos, respectively. As was expected, the highest levels of exposure to these pesticides were found in the rural areas of the State of Morelos.
Introduction
Organochlorine pesticides constitute a group of organic contaminant chemicals that pose a potential risk to the environment because of their persistence within the ecosystem. While these compounds have increased the production of foodstuffs and helped in the control of vectorborne diseases, potential adverse effects to human health of small doses over prolonged periods remain poorly defined.
There are insufficient data available to evaluate the human health effects of small doses over prolonged exposure to organochlorine pesticides. These chemicals have been shown to accumulate within fatty tissue of humans and animals. Furthermore, many of them act as endocrine disrupters or carcinogens and also compromise immune function in experimental assay ( Greenhalg et al., 1980; ATSDR, 1994 ) . Although it has been suggested that the estrogenic activity of DDE, a DDT metabolite, may be a contributing factor for development of breast cancer in women, levels of these compounds are not consistently elevated in breast cancer patients (Falck et al., 1991; Zheng et al., 1999 ) .
It is estimated that mothers eliminate 12.5% of all ingested pesticides through their breast milk. This excretion level is higher than in other mammals, which only excrete 1.5% of ingested pesticides. A major concern is that breast milk is the first and basic food for the newborn child, and thus could be a serious source of contamination early in life.
Mexico started manufacturing synthetic agrochemicals in 1959. Of the organochlorine pesticides, the most widely used is DDT, which was produced in greatest quantities during the 1970s and 1980s. Since 1991, the use of DDT has been officially restricted to campaigns for vector control of malaria and dengue (CICOPLAFEST, 1998 ) . In 1995, Mexico initiated an integral malaria control program that included basic hygiene, epidemiological surveillance and minimal pesticide use. In addition, DDT is being substituted for organophosphates pesticides, which degrade rapidly in the environment.
This study was carried out between 1989 and 1990, prior to the restriction of DDT use, with the objective of measuring levels of organochlorine pesticides present in human breast milk among urban and rural populations.
Methods
The study was performed in a population of women who volunteered to participate during a postpartum clinic visit. The urban population was selected from six Health Care Centers (Health Secretary) in six different districts within Mexico City. A second urban population sample and the individuals from the rural population, in whose houses DDT had been sprayed during the malarial control campaign, were recruited in the Civil Hospital in Cuernavaca, Morelos. Women who attended this hospital and resided in the city of Cuernavaca were classified as urban, while those who lived in the country in the State of Morelos were classified as rural.
As expected for individuals using a state medical facility, the socioeconomic status of participants in this study was low, consisting of underemployed and unemployed workers' wives in the urban areas and farmers' wives in the rural group. Participants were all apparently healthy and had all lived a minimum of 2 years in their respective home areas. All participating mothers signed a written consent for the study.
Breast milk specimens were taken between the first and eighth week postpartum to guarantee physical similarity in milk samples and to obtain them before pesticide concentration diminished due to extended feeding. The number of maternal milk samples obtained and examined was limited by the availability of laboratory resources.
Questionnaires were used to obtain information regarding factors which may have influenced pesticide exposure levels including age of mother, length of urban and rural residency, number of pregnancies, periods of breastfeeding, contact with family members occupationally exposed to pesticides, and domestic fumigation.
The laboratory methods followed the protocol recommended by the United States Environmental Protection Agency ( U.S. EPA ). Sample quantification was performed using a Perkin Elmer Gas Chromatographer with an electron detector. For internal quality control, we used maternal milk samples certified by the EPA with known concentration levels of the principal pesticides. Analyzing the samples in parallel resulted in an 80 ± 100% recovery rate. The results were calculated using the lipid ± milk ratio milligram per kilogram and the data presented correspond to samples with more than 0.001 g/ kg.
Proportion of positive samples and their median value were determined for all 14 pesticides. Additional statistical analyses were conducted using only the principal metabolites, -HCH, p,p H -DDE, and p,p H -DDT. Pesticide data levels are not evenly normally distributed so logarithmic transformations were used in all analyses. Differences in geometric means between groups were evaluated using ttests and the analysis of variance. Adjusted geometric means were calculated from multiple regressions.
Results
A total of 149 maternal milk samples were analyzed and 14 different pesticides and metabolites were detected. Eightyone samples were obtained from Mexico City, 42 from rural areas ( Morelos ) and 26 from Cuernavaca City. Table 1 shows the demographic characteristics for each population.
The average length of residency for Mexico City was 15 years; Cuernavaca, 7 years, and for the area of Morelos, 9 years.
Women living in urban zones were older and had more children than women living in rural zones. Forty -seven percent of the women from Mexico City was composed of those 22 years or older as compared with 34% and 24% of women living in Cuernavaca and rural Morelos, respectively. In Mexico City, 49% of mothers had only one child, whereas in Cuernavaca and rural Morelos, 77% and 70%, respectively, had only one child ( P <0.001 ). In Mexico City, 10.3% reported having had contact with insecticides, while in Cuernavaca and rural Morelos, 27% and 50% reported contact with insecticides ( P <0.000 ). Among the cyclodienics, dieldrin was detected in 2%, while heptaclor epoxide was detected in 24% of Mexico City samples, 11% of Cuernavaca samples and 26% of the rural samples. It is important to note that the pesticides observed in these breastmilk samples are pesticides with the lowest elimination rates. Table 3 gives the median and maximum concentrations in positive samples. For each pesticide, median values are presented to give a better indication of average concentrations in the population, given the skewed nature of the data. DDT complex, p,p H -DDT, and p,p H -DDE concentrations were relatively high, while -HCH concentrations were somewhat lower. The DDT complex (which is the sum of all DDT metabolites ) ranged from 2.83 to 15.88 in urban and rural populations, respectively. Table 4 shows the geometric mean level for each zone by strata of the independent variables. The data for age are not presented as significantly associated with pesticide level in any location. Mothers with only one child generally had higher pesticide levels than those having two children, although number of children was significantly associated only with p,p H -DDE levels in Mexico City and rural Morelos. Although the presence of a family member with occupational exposure to pesticides tended to increase geometric mean levels of p,p H -DDT and p,p H -DDE, these associations were not statistically significant. Having had one's house treated with insecticide was significantly associated with p,p H -DDE in Cuernavaca and in the rural areas of Morelos.
When geometric means of -HCH and the DDT metabolites were compared across the three population groups, there was no significant difference between the three zones. However, levels of both p,p H -DDT and p,p H -DDE were lower in Mexico City ( t= À 9.674, P < 0.000 ) than in Cuernavaca ( t= À 9.713, P < 0.000 ) or in rural Morelos (t = À 9.713, P <0.000) . Also p,p H -DDT and p,p H -DDE were all significantly lower in Cuernavaca (t = À 4.209, P <0.001 ) than in rural Morelos (t= À 4.356, P < 0.000 ) . Adjusted geometric means for p,p H -DDT and p,p H -DDE were calculated for home residence, adjusted for number of children, and insecticide treatment of homes (Table 5 ) . The model for p,p H -DDT explained 37%, while the model for p,p H -DDE explained 42% of the total variance in the whole population.
Discussion
The results of this study demonstrate elevated pesticide levels especially for DDT and its main metabolites, p,p H -DDT and p,p H -DDE, in maternal milk, both in rural and urban Mexico. Table 6 shows reported levels of DDT and its metabolites in human breast milk in studies performed in urban and rural Mexico (Albert, 1973; Waliszewski et al., 1996 Waliszewski et al., , 1999 Pardio et al., 1998; Torres -Arreola et al., 1999 ) ; the most recent study conducted in Mexico City showed notably decreased levels of both p,p H -DDT and p,p H -DDE (Torres -Arreola et al., 1999 ) .
The levels found in this study, which was performed prior to restriction in the use of the pesticide, were similar to those found in the United States of America during the 1950s and early 1960s, when DDT was first manufactured and used extensively for agricultural purposes. Although -HCH levels were similar in the three study areas, the concentrations of DDT metabolites in maternal milk differed substantially: DDT levels were five times higher in rural Morelos than in Mexico City and twice as high in the rural areas of Morelos than in Cuernavaca.
Cuernavaca is a city of approximately 1 million of inhabitants and, because of its climatic characteristics and proximity to rural areas, presents more exposure to pesticides than the highly urbanized Mexico City.
In rural Morelos, 50% of mothers lived with a family member who had occupational contact with pesticides. Our results showed a tendency towards higher levels of pesticide exposure in these women. p,p H -DDT and p,p H -DDE concentrations in both the rural and urban areas of Morelos were higher in homes that had received pesticide treatments for the control of vector -borne diseases such as malaria, as compared to Mexico. p,p H -DDT concentrations were also elevated among primiparous women from Mexico City and rural Morelos. However, even after adjusting for these characteristics (parity, spraying, family member with workplace exposure ) , urban ± rural differences in pesticide burden remain.
When p,p H -DDT use ceases, human exposure decreases fairly rapidly. However, exposure to its principal metabolite p,p H -DDE, continues due to its presence in foodstuffs, especially those of animal origin. Thus, the ratio of p,p H -DDE /p,p H -DDT in the human body will increase; this ratio was lower in Mexico City and rural Morelos than in Cuernavaca (Table 7 ) , indicating less recent exposure for Mexico City dwellers.
It seems incongruent that elevated levels of both p,p H -DDE and p,p H -DDT are found in urban areas such as Mexico City where DDT fumigation has not been carried out. Undoubtedly, food is an important source of exposure, although recent studies establishing such a link have been published (Albert et al., 1988; Walisewsky and Pardio, 1996; Waliszewsky et al., 1996 ) .
According to existing information, principal food contaminants in Mexico are the organochlorine pesticides and their biodegradation products. Next in importance are organophosphorus pesticides present because of deficient agricultural practices, e.g., when spraying is done sooner than recommended or when unauthorized pesticides are applied (Henao et al., 1993 ) .
Differences and particular characteristics of contamination are found in different regions of the country; thus, food that comes from areas devoted to agricultural export tends to be contaminated with organophosphates that have very low persistence but which are highly toxic; whereas food that comes from the cotton -producing areas of the country is contaminated by organochlorine pesticides, especially in food of animal origin, such as meat, milk, eggs, and milk products.
In areas sprayed for vector control, the main exposure for the general population in some places occurs in the home. However, dermal exposure to these compounds is of primary concern; house dust and the pollutants that it carries may be potentially important contributors to exposure through inhalation and ingestion, especially for small children.
We cannot overlook among the environmental pollution problems caused by pesticides those involving the inactivation and final disposal of wastes and products packaging. Indeed, the final destination of pesticide wastes in Mexico is, in general, inadequate.
Conclusion
Despite the existence of norms and strict regulations for the use of DDT in Mexico, it is still found in high levels in human breastmilk in both urban and rural areas in relation to other developing countries ( Rogan et al., 1986; Janneche and Anuschka, 1990 ) .
